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We investigate the constraints to the light neutralino dark matter scenario in the minimal
supersymmetric standard model from available experimental observations such as decays
of B and K meson, relic dark matter abundance, and the search for neutralino and Higgs
production at colliders. We find that two regions of the MSSM parameter space fulfill all the
constraints: a fine-tuned strip with large tanβ where the lightest neutralino can be as light
as 8 GeV, and a low tanβ region providing a neutralino mass larger than 16 GeV. The large
tanβ strip, which can be compatible with recently reported signals from direct detection
experiments, can be fully tested by means of low-energy observables and, in particular, by
Bs → µµ and Higgs bosons searches at the LHC within the upcoming months.
I. INTRODUCTION
The existence of dark matter (DM) has been established by plenty of cosmological observations,
and its total abundance in the universe has been evaluated in the last decade with high precision by
the WMAP experiment [1, 2]. A possible interpretation of such observations relies on the existence
of a new stable particle species, the so-called WIMP (weakly interacting massive particle). However,
the nature and the properties of this new particle are far from being established. Numerous
candidates have been proposed from the theoretical side, and numerous attempts have been made
to detect it both directly and indirectly.
Some of the direct detection experiments (in which nucleon recoil by invisible incoming particles
is measured) have recently reported possible signals of DM, while others have found no excess
above the background. The situation has not been settled yet (for some recent discussions, see
e.g. Refs. [3–5]). Besides the long-standing DAMA [6, 7] evidence for an annual modulated signal,
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2claims for signals have been recently made by CoGeNT [8] and CRESST [9]. What is intriguing
is that all these experimental results could be explained by a rather light WIMP with a sizeable
spin-independent scattering cross-section with nucleons [10]:
mχ ∼ 7÷ 10 GeV , σ
SI
χN ∼ 10
−41 ÷ 10−40 cm2 . (1)
On the other hand, the most extensively studied framework for physics beyond the standard
model (SM) is represented by supersymmetry (SUSY) and, in particular, by the minimal supersym-
metric extension of the SM (so-called MSSM), with the lightest neutralino as a candidate of dark
matter, in case R-parity is conserved. It is therefore natural and compelling to ask whether the
MSSM neutralino can account for the DM properties suggested by the direct detection experiments,
as given in Eq. (1). This question has been recently addressed by several collaborations [11–14]
(for previous works on light neutralinos, see [15, 16]). However, these works do not agree in the
conclusions. In particular, the authors of Ref. [13] performed a fit requiring the WMAP constraint
on the DM relic density together with several indirect constraints on the model parameters to
be satisfied. They concluded that the lightest neutralino mass must be larger than 28 GeV, thus
excluding that the properties summarized in Eq. (1) can be accounted for by the MSSM lightest
neutralino. On the contrary, the authors of Ref. [14] claimed the viability of the parameter regime
with a light neutralino (& 7 GeV) and the direct detection cross-section as large as ∼ O(10−41)
cm2.
In this paper, we study the MSSM parameter space to re-consider the compatibility of the
lightest neutralino with the properties suggested by the direct detection experiments and shed
light on the conflict mentioned above. We restrict ourselves on the particle content of the MSSM,
i.e. we do not consider possible variations or extensions of the minimal model (such as the NMSSM),
which have been recently studied in this context by different collaborations [13, 17–20]. The key
points of our analysis are summarized in the following.
• We study in detail the low-energy constraints, which challenge a light neutralino scenario,
with a particular emphasis on the processes that have no strong dependence on the SUSY
parameters but only on the Higgs sector parameters. The most relevant observables turn
out to be the B → τν decay and the Kaon physics observable Rℓ23, extracted from the decay
K → µν, which has not considered in previous works on light neutralino dark matter.
• We perform a numerical scan of the SUSY parameter space, without adopting any high-
energy relation among the parameters, which are instead treated as low-energy free param-
eters, and we then identify the regions fulfilling all the relevant constraints.
3• We study the impact of LEP and Tevatron Higgs searches on the light neutralino parameter
space.
• We analyze the specific consequences for the Higgs sector, the low-energy processes, the
SUSY parameter space and direct DM searches, discussing the prospects for experimentally
probing the light neutralino scenario.
Besides a quite different treatment of the experimental contraints, with the inclusion of more
observables in the analysis (such as Rℓ23), the phenomenological analysis of the paramater space
compatible with light neutralino DM represents the main new feature of the present work with
respect to the previous related literature [11–14]. In particular, as we will see, this study will allow
us to identify several independent ways to test light neutralino DM scenarios in the near future.
The rest of the paper is organized as follows. The main constraints are discussed in section II;
in section III the numerical analysis of the parameter space is presented and the phenomenological
consequences are discussed in section IV. In section V, the impact of direct DM search experiments
is discussed. Finally, our findings are summarized in section VI.
II. CONSTRAINTS TO LIGHT NEUTRALINO DARK MATTER SCENARIOS
Within the MSSM, a neutralino as light as in Eq. (1) requires M1 ≪M2, µ, where M1 and M2
are respectively the U(1) and SU(2) gaugino mass parameters and µ is the Higgs bilinear mixing
parameter of the superpotential. In fact,M2 and µ enter the chargino mass matrix and are therefore
bounded to be & 90 GeV, by the LEP limit on chargino masses. As a result, the lightest neutralino
is mostly Bino. As usual in the MSSM, the Bino-like DM (especially if light, as in the case we are
considering) is thermally overproduced in the early universe. Therefore, to obtain the appropriate
relic abundance, an efficient annihilation process is necessary. Since an efficient slepton mediated
annihilation would require sleptons with masses smaller than the LEP limit [16], for a neutralino
mass in the range we are interested in, the only way to enhance the neutralino annihilation cross-
section is through the mediation of a CP-odd Higgs boson [21]. This requires the CP-odd Higgs to
be as light as mA ∼ 100 GeV and a somewhat large value of tan β [14, 21–23]. The entire spectrum
of the extended Higgs sector of the MSSM is therefore required to lie around 100 GeV (we recall
for instance the tree level relation m2
H±
= m2A+m
2
W ). This choice of the parameters causes several
phenomenological difficulties. Indeed, CP-odd and charged Higgs exchanges contribute to several
rare decays. Therefore, a light Higgs sector can induce large deviations from the SM, especially in
4the large tan β regime [24]. For recent discussions, see e.g. [25–29]. We can conveniently group the
most relevant observables in two categories.
(i) The processes, which mainly depend on the Higgs sector parameters (i.e. mA and tan β) and
have a dependence on the other SUSY parameters only through threshold corrections to the
Yukawa couplings. This group includes the following decays: B → τν, B → Dτν, Ds → ℓν,
K → µν.
(ii) The processes which get Higgs-mediated contributions but have in addition a non-trivial
dependence on the SUSY spectrum and the SUSY parameters. For our discussion, the most
relevant observables of this kind are Bs → µµ and b→ sγ.
In the case of the processes of this second group, an appropriate choice of the SUSY parameters
can avoid unacceptably large deviations from the SM expectations. As it is well known, this is the
case of b→ sγ, whose charged Higgs contribution can be compensated by a sizeable stop-chargino
contribution. On the other hand, the processes of group (i) provide strong constraints to the
possible values of mA and tan β, which challenge a light neutralino scenario almost independently
on the details of the SUSY spectrum. Therefore, let us start reviewing the processes of group (i).
A. Group (i) constraints
The charged Higgs boson (H±) mediates the B → τν decay at tree-level. Remarkably, the
charged Higgs contribution has opposite sign with respect to the SM contribution. The resulting
deviation from the SM prediction can be then expressed as following [25, 30, 31]:
RBτν ≡
BR(B → τν)
BR(B → τν)SM
≃
[
1−
m2B
m2
H±
tan2 β
1 + ǫ tan β
]2
. (2)
where mB is the mass of the B
± meson (≃ 5.3 GeV) and ǫ accounts for the non-holomorphic SUSY
threshold corrections to the down quark Yukawas, while we neglect the corresponding leptonic
correction for the moment.
Due to the dependence of RBτν on tan β, the experimentally allowed range of RBτν will clearly
identify two possible ranges of tan β for a given value ofmH± : either a small/moderate tan β regime,
where BR(B → τν) is decreased with respect to the SM prediction only to a certain extent, or
a large tan β regime, for which the charged Higgs contribution is approximately twice the SM
one, so that the difference between them still provides a value for RBτν within the experimental
5range. This second possibility is however strongly challenged by other processes, for which the
Higgs-mediated contribution increases with tan β.
The most relevant example is K → ℓν. In order to reduce theoretical uncertainties, it is
convenient to consider the following quantity [32]:
Rℓ23 ≡
∣∣∣∣ Vus(K → ℓν)Vus(K → πℓν) ×
Vud(β decay)
Vud(π → ℓν)
∣∣∣∣ , (3)
where Vus and Vud represent the values of the CKM matrix entries as extracted from the processes
indicated in the parentheses. This quantity depends mainly on the mass of the charged Higgs
boson and tan β as well. It is therefore complementary to B → τν in constraining the parameter
space, especially for the larger tan β region among two allowed regions by B → τν. The analytic
formula is given by [32]:
Rℓ23 ≃
∣∣∣∣1− m2Km2
H±
[
1−
md
ms
]
tan2 β
1 + ǫ tan β
∣∣∣∣ , (4)
wheremK = 0.494 GeV and the quark mass ratio md/ms takes a value between 1/22 and 1/17 [33].
For a large value of tan β, the 3-body decay B → Dτν may deviate from the SM prediction as
well. The complete formula for B → Dτν is more involved than the 2-body decays which we have
considered so far. A compact approximated expression, given in Ref. [34], reads
RDℓν ≡
BR(B → Dτν)
BR(B → Deν)
= (0.28 ± 0.03) ×
[
1 + 1.38(6)CτNP + 0.88(4)(C
τ
NP)
2
]
, (5)
where
CτNP ≡ −
mbmτ
m2
H±
tan2 β
1 + ǫ tan β
. (6)
The authors of Ref. [35] pointed out the possible relevance of the process Ds → τν. The analytic
formula given in Ref. [35] reads
BR(Ds → τν) =
G2F
8π
|Vcs|
2f2Dsm
2
τmDsτDs
[
1−
m2τ
m2Ds
]2[
1 +
1
mc +ms
m2Ds
m2
H±
(
mc −
ms tan
2 β
1 + ǫ tan β
)]2
,
(7)
where mDs , τDs , fDs are respectively the mass, the life-time and the decay constant of the D
±
s
meson.
We can now use the expressions given above, in order to constrain the parameters tan β and
mA (or equivalently mH±). From the experimental data, it is possible to extract the following 95%
C.L. ranges for the considered observables:
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FIG. 1: Constraint to the mass of the charged Higgs boson and tanβ from the group (i) observables. The
lines indicate the boundaries of the exclusion area (95 % C.L.) by B → τν (blue), Rℓ23 (black dashed),
B → Dτν (orange), and Ds → τν (green). The common allowed region by the four observables is shown
with the light blue shade. Here the SUSY threshold correction ǫ is taken at the reference value 1/(16π2).
0.52 < RBτν < 2.61 [28, 29]
0.985 < Rℓ23(K → µν) < 1.013 [36]
0.151 < RDℓν < 0.681 [37]
4.7 × 10−2 < BR(Ds → τν) < 6.1 × 10
−2 [38, 39]
The constraints on the mH±-tan β plane resulting from the expressions in Eqs. (2, 4, 5, 7)
together with the experimental ranges reported above are shown in Fig. 1. The light blue shaded
regions survive all the constraints listed above. As already mentioned, B → τν excludes a wide
portion of the plane, leaving unconstrained the low tan β region and a band with tan β & 30
(namely, the region between the two blue lines in the figure). This band corresponds to the case
of a large charged Higgs contribution (larger about 1.5 times than the SM one), such that the SM
contribution is overcompensated and RBτν “re-enters” the experimental range 0.52 < RBτν < 2.61.
This is the reason why a large value of tan β is required, and the band is almost excluded by other
observables, whose deviation from the SM also increases with tan β, in particular B → Dτν (orange
line) and Rℓ23 (black dashed line). From the figure, we see that the most constraining observable is
Rℓ23. Indeed, only a quite thin strip in the plane remains viable in the large tan β regime. Besides
7that, all the constraints can be evaded only for small values of tan β (. 20 in the region displayed
in the figure).
Let us now comment about the mild dependence on the SUSY spectrum of these results. The
plot has been made for the illustrative value ǫ = 1/(16π2), while in the next section the SUSY
thresholds will be computed numerically (including the leptonic ones). However, it is remarkable
that, as long as the same ǫ enters Eqs. (2, 4, 5, 7), the bounds on the mA-tan β plane shift in the
same way. The thin surviving strip, for instance, moves upwards by increasing ǫ, but it does not get
shrunk (nor disappear). The situation could change if we consider different values for ǫ entering
the expressions for RBτν , Rℓ23, as indeed it is the case when third generation squarks are not
degenerate with the first generations. Still, the strip cannot be excluded, unless third generation
squarks are consistently lighter than the first generation ones.
Finally, let us notice that previous works [27, 40] claimed that Rℓ23 completely excludes the
large tan β region left unconstrained by B → τν, since they considered as allowed range 0.990 <
Rℓ23 < 1.018 [32], which have been recently updated in Ref. [36]. We also find that using such
previous bound no viable large tan β region would remain.
B. Group (ii) constraints
Here we qualitatively review the requirements to the SUSY parameters from the bounds of the
group (ii) observables. Later, we will treat them quantitatively in our numerical study. Differ-
ing from the group (i) processes which are discussed in the previous subsection, the observables
categorized into group (ii) depend strongly on the SUSY spectrum and parameters.
In MSSM, there are three major contributions to b→ sγ process [41], (a) the SM contribution
from a W -top loop, (b) the two Higgs doublet model (THDM) contribution from a charged Higgs-
top loop, whose sign is the same as (a), and (c) the SUSY stop-chargino contribution. In the
non-SUSY THDM in which there are only two contributions (a) and (b), b→ sγ alone constrains
strongly the mass of the charged Higgs boson (& 300 GeV [42]), almost independently of tan β.
However, this constraint to mH± is considerably weakened in the MSSM by a possible cancellation
between the contribution (a)+(b) and the SUSY contribution (c) [43–45]. As discussed above, we
have to set the mass of the CP-odd Higgs to be light to reproduce the correct amount of relic
density. This parameter choice enhances the contribution (b). In order to diminish b → sγ and
allow the light CP-odd and charged Higgs bosons regime, the above mentioned compensation must
be invoked. A sufficiently large chargino contribution requires relatively light stop and chargino.
8Since the contribution is proportional to the soft SUSY breaking trilinear coupling At and tan β,
these parameters should not take too small values. Moreover, At and µ must have opposite sign,
so that the chargino and charged Higgs contributions are opposite in sign too. However, these
requests raise another well-constrained observable, BR(Bs → µµ). This is because the dominant
contribution to this decay is mediate by a neutral Higgs (H0 or A) exchange with an effective b-s¯-
Higgs vertex given by a higgsino-stop loop similar to the one contributing to b → sγ. Therefore,
it is necessary to have a balance of these two observables, especially for large values of tan β. In
order to do so, the SUSY parameters have to be carefully chosen and will consequently exhibit
non-trivial correlations. For example, since Bs → µµ is strongly enhanced by the sixth power of
tan β, the value of At should be reduced in the large tan β regime. A more detailed discussion of
the parameter correlation will be presented in the section for the numerical analysis.
Let us finally recall that in the large tan β regime, the non-holomorphic SUSY threshold cor-
rections become important [46–48], and we take it into account in our numerical study.
C. Relic density and scattering with nuclei
Before we move on to our numerical results, let us briefly discuss the parameter choice to obtain
the correct relic density. Due to the chargino mass limit from the LEP experiments (& 90 GeV)
the SUSY parameters µ (the higgsino mass) andM2 (the Wino mass), the lowest of which basically
sets the chargino mass, must be larger than about 100 GeV. Clearly, the condition M1 ≪ M2, µ
should be satisfied to get a very light lightest neutralino. From this consideration follows that
mχ˜0
1
≃M1 and the lightest neutralino is mostly Bino.
As previously mentioned, such light neutralino is thermally overproduced in the early universe,
and an efficient annihilation process is necessary to reduce surplus neutralinos and reproduce the
DM abundance evaluated from cosmological observations. As discussed in Ref. [21], within the
parameter regime described above, the main contribution to the neutralino annihilation is due
to the s-channel exchange of a neutral CP-odd Higgs, A, and the main channel is consequently
χ01χ
0
1 → bb¯. Therefore, in this regime, the relic abundance is essentially controlled by the parameters
in the Higgs sector. It is obvious that a light A enhances the annihilation process and makes the
neutralino relic density smaller. The process is also affected by the value of tan β. This is due to
the coupling of the CP-odd Higgs boson with the d-quark pair, GAdd = (md/v) tan β. First, since
the coupling is proportional to mass of the fermion, a bottom quark pair is dominantly created
as a result of the annihilation process, as already mentioned. Then, we also see that the coupling
9between the CP-odd Higgs boson and bottom quark is proportional to tan β. Consequently, a large
value of tan β enhances the annihilation rate diminishing the neutralino relic density.
A more subtle point is the dependence on the value of the higgsino mass µ. Although the
lightest neutralino is Bino-like in our scenario, the pair-annihilation in Higgs boson requires a
sufficiently large higgsino components, because the interaction between neutralino and CP-odd
Higgs boson, χ01χ
0
1A, originates from the gauge interaction of Higgs fields, that is, the interaction
among Bino, Higgs boson, and higgsino. It follows from the structure of the neutralino mass matrix
that a smaller value of µ increases higgsino component of the lightest neutralino and amplifies the
annihilation process. Therefore, in order to satisfy the WMAP bound, a µ parameter of the order
of 100 GeV will be required.
Of course, the Bino-mass M1 is also an important parameter, which dominantly determines the
mass of the lightest neutralino. A larger value of M1 reduces the initial amount of neutralino in
thermal production. Hence, a heavier Bino does not demand too efficient annihilation to reproduce
the correct relic density (so that mA and µ can acquire larger values or tan β can be smaller).
The DM direct detection process, the elastic neutralino-nucleon scattering, is also mediated
by Higgs bosons (but the CP-even ones) in the light Higgs sector regime. Thus, it has a similar
parameter dependence to the annihilation cross-section, with large tan β and small µ raising up the
cross-section. The process is driven by Yukawa interactions, therefore, heavier quark components
in a target nucleon are important although their distribution is small. As a consequence, s-quark
matrix element induces a rather large uncertainty in the evaluation of the cross-section [23, 49].
III. NUMERICAL ANALYSIS OF THE PARAMETER SPACE
In this section, we present the result of a numerical analysis of the light neutralino parameter
space. Instead of assuming high-energy relations among the parameters (such as gaugino mass
unification), we varied randomly the following set of parameters, defined at low energy:
tan β, M1, M2, M3, a0, µ, mA, mq˜, mℓ˜, (8)
where mq˜ and mℓ˜ are common soft SUSY breaking masses for the three generations squarks and
sleptons respectively, mA is the CP-odd Higgs mass, Mi (i = 1, 2, 3) are the three gauginos masses
and µ represents the bilinear Higgs coupling in the superpotential. As in Ref. [21], a0 parameterizes
the trilinear terms, in the following way:
Au = a0Yumq˜, Ad = a0Ydmq˜, Aℓ = a0Yℓmℓ˜, (9)
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Observable Allowed range References
WMAP ΩDMh
2 [0.101, 0.123] [2]
LEP mh > 92.8 GeV [33]
a
mA > 93.4 GeV [33]
Mχ˜+
1
> 94 GeV [33]
Γ(Z → χ˜01χ˜
0
1) < 3 MeV [50]
σ(e+e− → χ˜01χ˜
0
2,3) < 0.1 pb [51]
Group (i) RBτν [0.52, 2.61] [28, 29]
Rℓ23 [0.985, 1.013] [36]
RDℓν [0.151, 0.681] [37]
BR(Ds → τν) [0.047, 0.061] [35, 38, 39]
Group (ii) BR(b→ sγ) [2.89, 4.21]× 10−4 [52]
BR(Bs → µ
+µ−) < 5.1× 10−8 [53]
aIn the decoupling regime sin2(α− β) → 1, the limit to the SM Higgs MH > 114.4 GeV should be recovered. We
will discuss the dependence of the bound on the coupling in section IV.
TABLE I: Summary of the constraints.
where Yu, Yd and Yℓ are the up-quark, down-quark and lepton Yukawa matrices, respectively. The
parameters of Eq. (8) have been varied in the following ranges:
M1 ∈ [7, 30] GeV, M2 ∈ [100, 600] GeV, M3 ∈ [400, 1200] GeV,
mA ∈ [90, 120] GeV, µ ∈ [100, 200] GeV, a0 ∈ [−2, 2],
mq˜ ∈ [400, 1200] GeV, mℓ˜ ∈ [100, 1200] GeV, tan β ∈ [5, 50].
The spectrum, the neutralino relic density ΩDMh
2 and the scattering cross-section with nucleons
were computed by means of the SuSpect [54] and micrOMEGAs codes [55], while the low-energy
observables using SuperIso [56]. Unless otherwise specified in the text, we apply to each point of
the scan the set of constraints displayed in Tab. I.
Following the discussion of the previous section, let us start looking at themH±-tan β plane. The
result is showed in Fig. 2. We first notice that the plot is bounded from below, such that tan β & 7.
This is a consequence of the upper bound on the neutralino relic density, ΩDMh
2 < 0.123. In fact,
for smaller values of tan β the neutralino annihilation cross-section results too low to efficiently
decrease the relic abundance. The left part of the plot is excluded by the LEP limit on mA
(mA > 93.4 GeV). We also notice that the density of points decreases for large values of tan β.
This reflects the fact that in such large tan β regime, the other parameters (in particular a0 and
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FIG. 2: mH± -tanβ plane: the orange (light gray) points satisfy the constraints of Tab. I except the ones of
group (i), the green (medium gray) points satisfy in addition the B → τν constraint, the blue (dark gray)
points satisfy all the constraints.
FIG. 3: The lightest neutralino mass as a function of tanβ. The color code is the same as in Fig. 2.
mq˜) have to be tuned to limited ranges, in order the bounds from b → sγ and Bs → µµ to be
fulfilled.
The orange (light gray) points in Fig. 2 satisfy the constraints of Tab. I, except the ones
belonging to group (i). The green (medium gray) points give B → τν within the experimental
range, while the blue (dark gray) points satisfy all the constraints, in particular Rℓ23. The results
are consistent with the discussion of the previous section: the interplay between B → τν and Rℓ23
is such that only either a low tan β region survives or a tuned strip for tan β & 30.
In Fig. 3 we show how this can be translated in a bound on the lightest neutralino mass. In
the figure, the lightest neutralino mass mχ˜0
1
is plotted as a function of tan β. The plot is shaped
12
FIG. 4: First row: the observable RBτν as a function of tanβ (left) and mχ˜0
1
(right). The shaded regions are
excluded by B → τν at the 95% C.L.. Blue (dark gray) points satisfy all the constraints of Tab. I. Second
row: the Kaon physics observable Rℓ23 as a function of tanβ (left) and mχ˜0
1
(right). The shaded region is
excluded by Rℓ23 at the 95% C.L., the dashed line represents the previous bound Rℓ23 > 0.990 (see the text
for details). Green (medium gray) points satisfy the B → τν constraint.
by the upper and the lower limit on ΩDMh
2 (from below and above respectively). We see that the
requirement of a relic density consistent with WMAP makes increase the neutralino mass quite
rapidly when tan β decreases, as previously observed in the literature, see for instance [21]. In
particular light neutralinos (∼ 10 GeV) can be achieved only for large values of tan β. As in Fig. 2,
the orange (light gray) points do not fulfill the bounds of the group (i), while for the blue (dark
gray) all constraints are satisfied. We see that in the low tan β region the lightest neutralino mass
is bounded to be mχ˜0
1
& 16 GeV, while for the points lying in the large tan β strip it can be as
low as ∼ 8 GeV. This last result is consistent with the findings of Ref. [14], despite the fact that
in that analysis Rℓ23 was not taken into account.
Given the relevance in the present discussion of the interplay between B → τν and Rℓ23, let us
have now a closer look at these observables. In the first row of Fig. 4, we show the ratio RBτν ,
defined in Eq. (2), versus tan β (left panel) andmχ˜0
1
(right panel). The shaded regions in the plot are
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excluded by RBτν at the 95% C.L.. Consistently with the discussion in section II, we see that RBτν
decreases with increasing tan β (which correspond to decreasing values of mχ˜0
1
) until getting outside
the experimentally allowed range. Then, RBτν acquires vanishing small values, corresponding to
the charged Higgs contribution exactly cancelling the SM contribution. For larger values of tan β,
the large charged Higgs contribution can make RBτν to re-enter the allowed range. However, only a
thin strip of points (the blue/dark gray ones) close to the boundary are not excluded by the full set
of our constraints, in particular Rℓ23. This can better seen in the second row of Fig. 4, where Rℓ23 is
plotted versus tan β (left panel) and mχ˜0
1
. (right panel). As expected from Eq. (4), Rℓ23 decreases
with tan β (i.e. with decreasing mχ˜0
1
). The two green (medium gray) points regions are allowed by
B → τν. As discussed above, the one with large tan β (smaller mχ˜0
1
) corresponds to the charged
Higgs contribution overcompensating the SM one. As we can see, this region is almost excluded by
Rℓ23, except for few surviving points with Rℓ23 about 2-σ away from the experimental central value
Rcvℓ23 = 0.999 [36]. In the figure, we also show the previous lower bound of Ref. [32], Rℓ23 > 0.990,
which would have excluded completely the large tan β region consistent with B → τν. Needless to
say, an improvement of the experimental determination of Rℓ23 or RBτν could completely exclude
the large tan β region. This would translate in a lower bound on the lightest neutralino mass at
least of mχ˜0
1
& 16 GeV, as we can see from Fig. 4.
Finally we comment about the LEP neutralino searches, which constrain the pair production
cross-section σ(e+e− → χ˜01χ˜
0
2,3) [57, 58], and the contribution to the invisible width of the Z boson
of the decay Z → χ˜01χ˜
0
1 [59, 60]. The pair production process is mediated not only by selectron but
also Z boson. Therefore, even if a large value is taken for the slepton mass m
ℓ˜
, the process does
not fade and constrains the low energy parameters. Both the Z-mediated contribution of the pair
production and the invisible decay width of Z boson are proportional to the higgsino component
in the lightest neutralino. As discussed in Sec. IIC, the higgsino components are controlled by
µ, and thus these observations require somewhat larger values of µ. On the other hand, such a
parameter choice reduces the neutralino annihilation cross-section. In order to compensate this
reduction and reproduce the correct relic density, M1, tan β, and mA must be adjusted. As already
noticed in Ref. [14], the invisible decay width does not give any impact on the limit of the lightest
neutralino mass, even considering a less conservative limit Γ(Z → χ˜01χ˜
0
1) < 2 MeV. We also inspect
the impact of the constraint from the pair production process and find that it does not modify our
lower bounds on the lightest neutralino mass.
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FIG. 5: Left: the heavy neutral Higgs mass versus the light Higgs mass for the points lying in the large
tanβ strip of Fig. 2 with µ ≤ 120 GeV. The dark blue (dark gray) points fulfill all the constraints of Tab. I,
the light blue (light gray) points escape the LEP Higgs bosons search (see the text for details). Right: the
same as before in the tanβ-mχ˜0
1
plane.
IV. PHENOMENOLOGICAL CONSEQUENCES
A. Higgs sector
In this section, we discuss in greater detail the predictions of the light neutralino MSSM scenario
for the Higgs sector. Let us first discuss the constraints on the masses of the Higgs bosons from
LEP experiments. As shown in Tab. I, we have applied so far a conservative bound on the light
Higgs mass,mh > 92.8 GeV, which is valid in the so-called anti-decoupling regime sin
2(α−β)→ 0.1
In such a regime, however, the LEP limit on the SM Higgs mass should be applied to the heaviest
eigenstate, H0. In the decoupling regime, sin2(α−β)→ 1, the lightest Higgs couplings become SM-
like and the LEP bound on the SM Higgs should be recovered. In order to deal with intermediate
regimes as well, we made use of the LEP exclusion plot in the mh-sin
2(α− β) plane, published in
Ref. [62]. Let us see how the light neutralino scenario is affected. In the left panel of Fig. 5, we plot
the resulting values for mh and mH0 within the large tan β strip discussed in the previous section.
For collecting more points, we performed a focussed scan of the large tan β region taking µ ≤ 120
GeV (this choice does not affect the lower bound on the neutralino mass, since lighter neutralinos
requires smaller values of µ). The light blue (light gray) points survive the light and heavy Higgs
mass constraints of Ref. [62], once 3 GeV of theoretical uncertainty on the determination of the
Higgs masses has been taken into account. The results can be easily interpreted: for an heavier
1 We remind that α is the mixing angle, which links the CP-even Higgs mass eigenstates to the interaction eigenstates
H0u, H
0
d . For a review on the MSSM Higgs sector, we refer to Ref. [61].
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FIG. 6: Constraint from the Higgs boson search at Tevatron (gray shade) and the expected discovery (above
the orange curve) and exclusion (above the green curve) potential of LHC at end of 2011 (with 7 TeV of
center-of-mass energy and 1 fb−1 of integrated luminosity) [63]. Parameter points which satisfy all the
constraints listed in Tab. I are shown together with blue dots (cf. Fig. 2). The large tanβ strip will be
tested soon.
H0 (mH0 & 115 GeV), the decoupling regime is approached, the light Higgs gets SM-like and the
points with mh < 111 GeV are excluded. On the other hand, when H
0 gets light, since tan β is
large, we are in the anti-decoupling regime where H0 takes the role of the SM Higgs boson. As
a consequence, the points with mH0 < 111 GeV are excluded too. In the right panel of Fig. 5,
we plot the same points in the tan β-mχ˜0
1
plane. Even though the density of points is consistently
reduced by the LEP limit on Higgs masses, we see no relevant modification of the lower bound on
the lightest neutralino mass, mχ˜0
1
& 8 GeV, we found in the large tan β strip. Still, it is interesting
to notice that a quite light Higgs spectrum is predicted within the strip. We checked that the low
tan β region is not significantly affected by the Higgs mass bounds neither.
A light Higgs sector as predicted by the MSSM with light neutralino has very good prospects of
being tested soon at the LHC. Recently, CMS has published the expected sensitivity of the Higgs
bosons search in the channel pp→ bbΦ→ bb ττ (where Φ = A, H0), with 7 TeV of center of mass
energy and 1 fb−1 of integrated luminosity [63]. The LHC potential of testing the Higgs sector of
our scenario is depicted in Fig. 6, where we replot the two regions which evade all the constraints
in the mA-tan β plane. Above the orange line a 5-σ discovery is possible, while the region above
the green line can be excluded at 95 % C.L. [63]. We also show the Tevatron exclusion [64] as a
gray shaded region. We see that the large tan β strip is excluded by Tevatron experiments only
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FIG. 7: Predicted ranges for group (i) observables within the large tanβ strip of Fig. 2. Left:
BR(B → Dτν)/BR(B → Deν) versus RBτν . Right: BR(Ds → τν) versus Rℓ23.
for larger values of mA and tan β, which correspond to larger mχ˜0
1
, such that the lower bound on
the light neutralino mass is not affected. Remarkably, the MSSM region corresponding to lightest
neutralino masses seems to be accessible at the LHC in the near future. In fact, wee see from Fig. 6
that the large tan β strip should be completely tested by the present LHC run, i.e. either discovered
or fully excluded with the data collected by end of 2011. On the contrary, more luminosity should
be needed to probe the low tan β region, corresponding to mχ˜0
1
& 16 GeV.
B. Low-energy observables
Let us now concentrate on the predictions for the low-energy observables of the parameter space
points lying in the large tan β strip. As stressed in the previous section, this strip requires a fine
tuning of the parameters, but it cannot be excluded by the present low-energy data. However,
it predicts several observables to deviate from the current central values almost at the 2-σ level.
More interestingly, the predictions for the observables lie in very narrow ranges, as a consequence
of the complementarity of the B → τν and Rℓ23 bounds. This is shown in Fig. 7, where the
predictions for the group (i) observables are depicted, BR(B → Dτν)/BR(B → Deν) versus RBτν
on the left, BR(Ds → τν) versus Rℓ23 on the right. We notice the striking correlations among
these observables, as expected by the similar dependence on tan β and mH± they manifest (cf.
Eqs. (2, 4, 5, 7)), and the very limited ranges the bounds on B → τν and Rℓ23 allow. Comparing
that with the experimental values reported in Tab. I, we see that this region of the parameter
space is in tension with the experiments between 1 and 2 σ for all the group (i) processes. We
come again to the conclusion that the large tan β region seems to be quite unlikely and that, more
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FIG. 8: Left: the points lying in the large tanβ strip of Fig. 2 with µ ≤ 120 GeV in the a0-mq˜ plane. Light
blue (light gray) points satisfy the LEP bounds on Higgs bosons masses. Right: BR(Bs → µµ) as a function
of a0 for the same sample of points.
importantly, it might be fully probed by the improvement of the experimental determination of
any of the observables shown in Fig. 7.
C. SUSY parameter space
Let us now have a closer look at the SUSY parameter space, which is selected by the requirement
of a light neutralino MSSM fulfilling all the imposed experimental constraints. As we have already
discussed, the constraints of group (i) have only a mild dependence on SUSY parameters through
SUSY threshold corrections. On the contrary, the observables of group (ii) and the Higgs bosons
masses depend considerably on SUSY parameters.
Out of the two regions in Fig. 2 that fulfill the constraints of Tab. I, let us first consider the
low tan β region. We find that the b → sγ bound requires mq˜ . 800 GeV and a0 . −0.4.
This is a consequence of the necessary compensation between the charged Higgs and the chargino
contributions to b → sγ. In fact, mq˜ has to be rather light and |a0| to be sizeable such that the
chargino contribution is large enough to compensate the charged Higgs contribution, which is large
due to the light H±. The sign of a0 is fixed by the requirement that the two contributions have
opposite signs, i.e. µAt < 0. Of course, considering heavier neutralinos (our scan is limited to
mχ˜0
1
. 30 GeV) would allow heavier H± and therefore heavier squarks. Imposing the Higgs mass
bound discussed in the previous subsection, we get in addition mq˜ & 500 GeV and a0 . −0.8,
since a sizeable one-loop correction to the light Higgs mass is required to evade the LEP limit. Let
us stress that, for simplicity, we considered degenerate squarks and the bounds mentioned above
only apply to the stop masses. In fact, both b → sγ and the Higgs mass are only sensitive to the
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stop mass. We checked that, after relaxing the squark degeneracy, we get no constraint on the first
generations squark masses. Consequently the results of the recent and near future SUSY searches
at the LHC [65, 66] are not directly applicable to our case [67].
In the second allowed region of Fig. 2, i.e. the large tan β strip, the b→ sγ and Bs → µµ bounds
induce a stringent correlation between a0 and mq˜, as shown in the left panel of Fig. 8. Moreover,
we see that the squark mass is bounded to be mq˜ . 1000 GeV and −0.6 . a0 . −0.1. The squarks
can be heavier than in the low tan β regime, since the chargino contribution grows with tan β. The
value of |a0| cannot be too large, due to the Bs → µµ constraint, which is particularly strong in
the large tan β regime and grows proportional to A2t . As a result, the plot is bounded from below
by the limit on Bs → µµ. We also notice that the points which evade the LEP Higgs searches (the
light blue/light gray ones in Fig. 8) require mq˜ & 600 GeV and a0 . −0.2, again to have a sizeable
one-loop correction to the Higgs mass. Also in this case, the resulting range for mq˜ (600÷1000
GeV) is only valid for the stop, if squarks are non-degenerate.
In the right panel of Fig. 8, we plot the resulting BR(Bs → µµ) versus a0, for the same scan
of the parameters of the left panel. From the figure, we can see how Bs → µµ can impose a limit
on |a0|. In particular, we are considering the most recent published 95% C.L. limit BR(Bs →
µµ) < 5.1 × 10−8, obtained by the D0 collaboration using 6 fb−1 [53]. A more stringent limit
BR(Bs → µµ) < 4.3 × 10
−8 has been reported by the CDF collaboration [68], as a preliminary
result obtained using 3.7 fb−1. From Fig. 8, we see that such a result would imply a0 & −0.5
and further lower the upper bound on mq˜ below the TeV level. As mentioned above, the limit
from the Higgs bosons searches at LEP and Bs → µµ are complementary in constraining a0. As
a consequence, a lower bound for the possible value of BR(Bs → µµ) within the large tan β strip
results from the requirement a0 . −0.2 imposed by the Higgs searches. In fact, we see that the
light blue (light gray) points in Fig. 8 correspond to BR(Bs → µµ) & 2 × 10
−8, a value which
will be probed by LHCb in the upcoming months [69]. We can conclude that Bs → µµ searches
represent a further handle to fully test the large tan β parameter space of the MSSM providing a
light neutralino in the near future.
In the low tan β region on the contrary, BR(Bs → µµ) is mostly at the level of the SM prediction,
even if there are some points of the sample for which a sizeable deviation from the SM is possible
up to BR(Bs → µµ) ∼ 8× 10
−9.
The slepton mass m
ℓ˜
has a negligible impact on the observables considered so far, so that it
cannot be constrained. We can however consider the anomalous magnetic moment of the muon,
aµ ≡ (g − 2)µ/2, to get information on mℓ˜. Currently, the SM prediction differs from the exper-
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FIG. 9: Neutralino-nucleon scattering cross section as a function of the lightest neutralino mass for points
which satisfy all the constraints of Tab. I. The pink area is the region favored by CoGeNT, the yellow region
corresponds to the two CDMS candidates, the dashed line is the 90% C.L. exclusion reported by XENON10.
imental determination of aµ by more than 3 sigma (see e.g. [70]), so that a positive new physics
contribution to aµ would be welcome to relax such a tension. The SUSY contribution to aµ is
known to be potentially large and to depend mainly on the slepton and chargino masses, as well as
on tan β (with ∆aSUSYµ ∼ tan
2 β). Since tan β and the chargino mass are quite well constrained by
the observables we considered, the experimentally allowed range for ∆aSUSYµ will turn in a preferred
range for m
ℓ˜
. Requiring ∆aSUSYµ to result within the 2-σ range [109, 407]× 10
−11 [70], we find for
the points lying in the large tan β strip: 250 GeV . m
ℓ˜
. 1 TeV, where values of the mass below
the lower (above the upper) limit correspond to a too large (too small) SUSY contribution to aµ.
In the case of the low tan β region, a contribution large enough to lower the tension below the 2-σ
level clearly requires lighter sleptons. In fact, we find m
ℓ˜
. 630 GeV.
V. DIRECT SEARCHES EXPERIMENTS
As mentioned in the introduction, the main motivation for studying a light neutralino scenario
is provided by the recent unexplained signals reported by some direct searches experiments. We
investigate in this section the elastic scattering cross-section of the neutralino with nucleons for
the points of the parameter space that provide a light neutralino and satisfy the above discussed
constraints. We compute the spin-independent scattering cross-section, σSIχN , by means of the
micrOMEGAs routine [55]. The result is displayed in Fig. 9 as a function of the neutralino mass.
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For a comparison, we show also in pink the region favored by CoGeNT [8], in yellow the region
corresponding to the two CDMS candidates [71]. The dashed line is the 90% C.L. exclusion reported
by XENON10 [72].
In interpreting this result, one should keep in mind that several sources of uncertainties affect the
computation of the scattering cross-section on one side and, on the other side, the translation of the
experimental results into favored or excluded regions in the WIMP mass, scattering cross-section
plane. In particular, the uncertainty related to hadronic matrix elements enters the computation
of the neutralino-nucleon scattering such that the resulting cross-section can be shifted to about
one order of magnitude larger or smaller values [14]. In Fig. 9, the default micrOMEGAs values for
the matrix elements are used. On the other hand, the constraints from direct searches experiments
can be relaxed by a factor 3 in the value of the cross-section by the uncertainties on the local DM
density and velocity [49].
Taking that into account, we notice that the result shown in Fig. 9 is consistent with the
results of [14]. We see that, out of the two regions satisfying all the constraints, the one with
mχ˜0
1
∼ 10 GeV gives the largest scattering cross-section, since it corresponds to the (tuned) large
tan β strip in Fig. 2 and σSIχN grows with tan β. These points are in potential agreement with the
regions favored by CoGeNT, CRESST and DAMA (whose viability has been recently questioned
by CDMS-II [73]). On the other hand, the low tan β region corresponding to mχ˜0
1
& 16 GeV gives
a neutralino mass range which might be too large for CoGeNT and CRESST, and a too small σSIχN
as well. Hence, a confirmation of the hints reported by these experiments would tend to disfavor it.
Still, as noticed in [14, 23], this region with a slightly heavier neutralino can be consistent with the
annual modulation reported by DAMA and with the two CDMS candidate events. However, taking
into account the uncertainties, it seems to be on the edge of the exclusion limit provided by the
negative result of XENON10 and XENON100 [72, 74, 75]. As mentioned above, the experiments
are not completely in agreement with each other and the uncertainties are still too large to clarify
the situation. Still, it seems likely that the possibility of a light neutralino in the MSSM will be
fully tested in the next few years by direct DM searches as well.
VI. SUMMARY AND CONCLUSION
In this paper, we have analyzed the MSSM parameter space providing a light neutralino (∼
10÷ 20 GeV) and satisfying all the relevant collider and flavor constraints, as well as the WMAP
bound on the neutralino relic density.
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We found that the request for ΩDMh
2 < 0.123 combined with the constraints from low-energy
observable which have no strong dependence on the SUSY parameters (but only on the Higgs sector
parameters), in particular B → τν and K → µν (Rℓ23), select two regions of the parameter space:
I. A thin fine-tuned strip with a large value of tan β (& 30) and mA ∼ 100 GeV, where
the neutralino mass can be as light as 8 GeV and the direct detection cross-section σSIχN &
O(10−41) cm2, so that it might be compatible with the exceeding events reported by CoGeNT
and CRESST, and the DAMA annual modulation.
II. A low tan β (. 15) region, where the charged Higgs contribution to B → τν is not required
to overcompensate the SM contribution. This region gives mχ˜0
1
& 16 GeV and σSIχN ∼
10−42 ÷ 10−41 cm2.
Within region I, which is a strip that barely survives the competing constraints from B → τν and
Rℓ23, several low-energy observables deviate from the SM predictions and from the experimental
central values almost at the 2-σ level. This is the case of the SUSY independent observables of
group (i), which then represent a crucial handle to probe this scenario. Moreover, region I provides
BR(Bs → µµ) & 2× 10
−8, a value in the reach of the LHCb experiment in the upcoming months.
Finally, heavy Higgs searches at the LHC should also probe this large tan β strip with 1 fb−1 of
collected data, i.e. by end of 2011. Even though it might already appear unlikely, this set-up of the
MSSM parameters corresponding to a light neutralino (∼ 10 GeV) is not excluded at present. On
the other hand, we can conclude that it will be fully tested in the near future in several independent
ways.
Region II should escape such early experimental searches and require more years of data taking.
Clearly, it would be the only possible set-up left within the MSSM providing a quite light neutralino
(mχ˜0
1
& 16 GeV), in case of a negative result of the experimental tests for region I. The most
promising way of probing region II seems to rely on direct searches experiments. Even though the
situation is not well established yet (region II seems to be disfavored by XENON, but compatible
with DAMA annual modulation and the two CDMS candidates), there are good perspectives for
the experiments currently taking data (such as XENON100) to completely probe that region and,
more in general, the light neutralino MSSM scenario.
Finally, we make a few comments on the recent studies [11–14]. After taking into account the
constraints considered in these works as well as Rℓ23 and the LEP Higgs bounds in the way explained
in section IV, we find a lower limit for the neutralino mass, mχ˜0
1
& 8 GeV, which is consistent with
the results of Ref. [14]. However, the points giving such light neutralinos correspond to a region that
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survives on a careful balance among the constraints (especially B → τν and Rℓ23) and consequently
requires a tuning of the parameters. Therefore, if one considers slightly more stringent allowed
ranges for the constraints, this region might disappear, as it seems to be the case of Ref. [13].
Hence, the lower limit, mχ˜0
1
& 16 GeV, of the low tan β region seems to be more robust.
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Note Added
After the completion of this work, the CMS collaboration released the first results of the search
for neutral Higgs bosons in the channel pp → X Φ → ττ , based on an integrated luminosity of
36 pb−1 [76]. Since no excess has been observed, they pose an upper bound on tan β (tan β . 29
for mA = 100 GeV), which, even taking into account theoretical uncertainties, disfavors the large
tan β strip discussed in this paper (see however [77]). If this result will be confirmed, this would
represent the first test excluding the large tan β region, as we discussed in section IV. In this case,
the only low tan β region would remain viable, corresponding to a lower bound on the lightest
neutralino mass of mχ˜0
1
& 16 GeV.
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